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Overview

* Cloud Mask
—MODIS
—Cloud Cameras
—CALIPSO
—APS

* Water vapor

» Aerosols
—Over the ocean
—Over land
—Over clouds

 Clouds
—lce/water

—Land/ocean
» Surface BRDF
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Cloud Mask

e Cloud Mask

— Single mask for cloud cameras with P-values for variability, threshold
and deviation from MODIS masks.

— Single mask for APS that merges results from other masks (MODIS
and cloud cameras) to provide a cloud fraction, cloud fraction
uncertainty and thin cirrus screen for an APS scene that allows
decisions on APS retrievals (cloud, aerosol, cloud above aerosol) to
be made
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Cloud Mask

e Cloud Mask
—APS looks ahead into the MODIS swath

—The cloud cameras observe a part of the MODIS swath with a
slightly more than 2 minute delay

— At 3 m/s a cloud moves a complete pixel in the time between the
MODIS and the CC observations.

After 2010

CALIPSO CloudSat

GCOM-W1
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Cloud Mask

e Cloud Mask

—MODIS (Martins, Remer, Kaufman, Koren)

— Standard cloud mask + variability at 644/863 nm over ocean, or
470 nm (shown here) over land
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Cloud Mask

e Cloud Mask

—Cloud Cameras

— 865 nm over ocean and 443 nm over land

— Variability (cf. figure below from Martins et al.2002) is primary mask,
supplemented by radiance thresholds
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Cloud Mask

e Cloud Mask
—CALIPSO

— Aerosol/Cloud layer identification

— As identified by analysis of POLDER data (cf. Waquet et al. J. Atmos.
Sci. 2009) the cloud top pressure determined by polarimetric
observations will be affected by aerosols above cloud

532 nm Total Attenuated Backscatter, /lkm /sr Begin UTC: 2010-08-18 17:37:44.2642 End UTC: 2010-08-18 17:59:59.6621

Version:! 2.02 Expedited Image Date:08/19/2010

30
x10 -

25

x10 -

X
=

- g e
—
@

i
—
=

x10 -

I G A1 80 60 = B I B 62 i CRUTD T~ 1 00— I S0 I3 1 87 40
coboobbobbtintbhohibhbhbobboobobo b

x10 -

-0.87 0.33 10.54 20.73 30.90 41.02 51.07 60.97
-56.75 -58.92 -61.11 -63.39 -65.90 -68.85 -72.60 -78.05

A-train meeting

Glory Mission October 2010



Cloud Mask

e Cloud Mask

—APS
—Thresholds on channels for which surface is dark
— 865, 1610, 2250 nm over ocean
—410, 443 nm over land
— 1378 nm for both land and ocean

— Figure shows reflectance histograms. In a) and b) the dashed line has had those
scenes identified as cloudy by the 1880 nm band removed. In c) the dashed line has
had those scenes identified as cloudy using 865 and 1590 nm removed.
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Cloud Mask

e Cloud Mask
—APS

— Estimate of atmospheric pressure above surface/cloud/aerosol
from 410 and 443 nm polarized reflectance. Aerosol index
calculated using this pressure to assist in identification of dust
against ice clouds.

— Angular variability of radiance also used to identify sub-pixel
cloud. 0,02 [T
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Cloud Mask

e Cloud Mask
— Clear scene

— Standard aerosol retrieval for appropriate underlying surface
(land/water)

— Cloudy scene

— Relative variability is robust against absolute radiance levels
and should identify thick aerosol layers as aerosols NOT
clouds (Martins et al. 2002)

— Radiance thresholds are more likely to classify thick aerosol
layers as clouds.

— Additional tests for differentiating between clouds and
aerosols when clouds are identified by these tests are:

— Rainbow to identify water clouds

— Use aerosol index at 410/443 nm to differentiate color
of dust aerosols from that of ice clouds

A-train meeting
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Cloud Mask

» Cloud Mask
— Cloudy scene

— Calculate scene cloud fraction based on revised
assessment of cloud mask

— Partially cloudy
— APS cloud retrievals for each view separately
— Aerosol retrieval using only polarized radiances
— Overcast
— Cloud top pressure agrees with CALIPSO
— Cloud retrieval only
— Cloud top pressure disagrees with CALIPSO
— Aerosol above cloud retrieval
— Sub-visible cirrus only

— Cirrus above aerosol, cirrus contribution to scene
subtracted and standard aerosol retrieval performed

A-train meeting
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Cloud Mask

» Cloud Mask
— Cloudy scene
— Partially cloudy
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Intensity reflected by
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« Dashed line from clear scene, solid from broken cloud
« Away from the rainbow the polarization of clouds is small
* Clouds are black! - polarimetrically speaking.
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Water Vapor

* Product is total column water vapor that can be used to correct weak water
vapor continuum absorption at 1.61 and 2.25 um.

e Observations at 910 nm and 863 nm use a method similar to that of Gao et
al. for MODIS water vapor.

» Worst accuracy over oceans where surface is dark
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Water Vapor

o

Polarized reflectance Total reflectance
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Water Vapor

- This means that the cloud absorption optical thickness changes total
reflectance but has little effect on polarized reflectance.

- Polarized reflectance in a band where water vapor absorbs depends on
the vapor above the cloud.
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Water Vapor

» Polarized reflectance generated near cloud top, whereas reflectance generated
throughout atmospheric column. In stratocumulus example shown here:
» The water vapor estimate of 1.83 cm from polarized reflectance is for absorption
above cloud.
 Additional 0.2 cm for reflectance is for water vapor inside cloud.
* The additional absorption in the total reflectance observations provides a

measure of multi-layer/cloud extent analogous to that used in the MODIS multi-
layer detection method (Joiner et al. 2010, Wind et al. 2010)
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Aerosols

» Aerosols
— Two aerosol modes. For each mode the following are retrieval
products:
— Optical Depth at a reference wavelength of 555 nm

— Effective radius and variance
— Spectral real and imaginary index
— Real indices are parameterized as a value and a slope

— Imaginary indices are parameterized as a constant (black)
contribution and a “brown” contribution derived from laboratory
measurements. Dust is also parameterized as a spectral shape with

variation in magnitude of that shape function.
— Shape: if residuals indicate spherical model is not acceptable a
dust model is used
— Derived products at 410, 443, 555, 673, 865, 1610 and 2250 nm are:

— Spectral optical depth
— Spectral single scattering albedo
— Spectral asymmetry parameter

. A-train meeting
Glory Mission October 2010 o



Aerosols

Scattering functipon
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Aerosols

» Aerosols
— Over oceans
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* Oceans

— Although polarized reflectance variations with Chlorophyll concentration are smaller
than those in total reflectance it is still necessary to retrieve/specify Chlorophyll
concentration as part of an aerosol retrieval in order to effectively use polarization
measurements at 410-550 nm.

— Uncertainties in CDOM absorption do not affect the polarized reflectance.

— Glory will use MODIS Aqua [Chl] to define the lower boundary condition for aerosol
retrievals

. A-train meeting
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Aerosols

* Aerosols
— Qver oceans
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— Observations over oceans have greater sensitivity to particle shape, because of a better
constrained lower boundary condition for the total reflectance observations

— Have been used to evaluate dust models

. A-train meeting
Glory Mission October 2010 20



Aerosols

T T II T T T T T TT II l.l:]l:] i T T T T I T T I T T I

(a) [
" 1 :— _: d Convair-5310 - [
= - lenime §= 04N
£ = 095 [ -
o ';f - * .
S = .
1)) -] 8
g .
= S 090
. = [ — # T
[0 TR ] |
T 01F 1 = [ : '
£ ) iJ *
‘.9 £y o i
2 2 -t
S = 085 [ .

L AERONET (1310 UTC) Ieni § = 0402

" AERGMET (2113 LT
001 1 Lol 1 Lo ol . L L | I ' | L T '
0.01 0.1 1 0 K
Polarimeter retrievals 400 M} B TH

wavelength (nm)
* Retrieved spectral optical depths agree well with ground-based sunphotometers

« Single scattering albedo and its spectral variation are within the range given by
other sources (surface - AERONET and in situ - CV580)
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Aerosols

» Aerosols

—Over land
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* The polarized reflectance of land surfaces is grey. This means that:
— Polarization is good for atmospheric remote sensing over land
— Intensity is good for characterization of surface state (e.g. LAI)

a) Soy/Winter wheat
b) Bare soill
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* Aerosols
—Over land
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» Polarization is sensitive to the
aerosol load over land, even
over urban areas (c, Mexico
City)

* Not only can the aerosol

burden be identified, but the
spectral and angular signature
in the polarized reflectance is
sensitive to the complex
refractive index (1.54 +10.027)
and the single scattering
albedo (0.865)

» Retrieved spectral optical

depths agree well with ground-
based sunphotometers
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Aerosols

* Aerosols
—Over land
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» More recent retrievals over land during ARCTAS provided good in situ
intercomparisons between NASA P-3 and RSP on the NASA Langley
Research Center B200
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Aerosols

 Aerosols
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Aerosols

» Aerosols
— Over clouds
Spectral Aerosol Optical Thickness Spectral Single Scattering Albedo
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» Spectral optical depths agree well with AATS-14 measurements (Redeman
et al. 2010)

» Retrieved single-scattering albedo has large uncertainties, but is broadly
consistent with SSFR estimates (Bergstrom et al. 2010)
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Clouds

 Clouds
— Products are cloud fraction and for:

— Water clouds
— Cloud top pressure, effective radius and variance
— Cloud optical depth
— Cloud bulk effective radius (absorbing band method)

—Ice clouds
— Cloud top pressure, aspect ratio, roughness
— Cloud optical depth
— Cloud bulk effective radius (absorbing band method)

A-train meeting
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Clouds

* Water clouds
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of scattering is primarily determined by the
Mie phase function (single scattering).

e Stokes parameter U is an order of magnitude
smaller than Q.
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Clouds

Total reflectance:  Polarized reflectance in scattering plane:

R(0) = (0) Rp(0)=- 7X0)

Ml Hslo

|, - TOA irradiance, i - cosine of SZA, - scattering angle.

The fit: I
Rp(0) = aPa ™ (O1,,v o)+ bO+

The phase matrix elements P,,(M®) are computed for a grid of
effective radii and variances assuming a Gamma size distribution.

Parameters a, b, and c account for the effects of multiple and
Rayleigh scattering.

. A-train meeting
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Clouds

« Water clouds
» Other retrievals use exact 1-D RT
» Cloud top patrticle size estimate just used Mie phase function
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» Acceptable size bias that increases with effective variance.
 Effective variance bias that is lower for large particle sizes.
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« Water clouds
e Test for 3D effects

+ Calculation using MYSTIC (Monte Carlo code for
the phYSically correct Tracing of photons In Cloudy

atmospheres, Emde et al. 2009)

e Applied to realistic cloud fields generated by
microphysical simulations (LES for RICO field
campaign by A. Ackerman)
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Clouds

« Water clouds
e Test for 3D effects

» No obvious impact of 3D effects in droplet effective radius retrievals (<0.5

um)
* Increased effective variance compared with Monte Carlo for some retrievals
(~0.05)
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Clouds
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 Cloud optical depth determined from reflectance. Generally find good
consistency across multiple views.

» Cloud droplet size distribution determined from structure of rainbow in
multiple bands
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Clouds

* Water clouds

Effective Radius (um)
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 Cloud size retrievals for polarization and absorbing band method generally
consistent given cloud vertical structure for stratocumulus clouds.
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* Ice clouds
* Aspect ratio and

Glory Mission

roughness/distortion
dominate the behavior of
polarized reflectance

Size plays a secondary role

Ice crystal model used has
aspect ratios covering
(0.5) plates to columns (5),
pristine and distorted with
size range of 10-500 pm

Highly Distorted Crystals (0.4)

Weakly Distorted Crystals (0.1)
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Clouds

* Ice clouds
« Aspect ratio and roughness/distortion selected from polarized reflectance observations
» Expected vertical structure with smaller ice particles at top of cloud and larger ice
particles at the bottom should not show the biases seen here for a joint fit of a
865, 1590 and 2250 nm using a homogeneous ice cloud layer.
» Retrievals will be provided separately for each absorbing band (1610 and 2250
nm)

T | ! T 1
; Optical Depth=50

IIIIIIIIIII

Reflectance
Reflectance

2250 nm

—'\\wh., '-....a”\-—-a-\‘

Effective Radius=15.3 ym

llllllllllllllllll

1590 nm

0.1 1 1 1 1 1 W v 1 1 1
-60 -40 20 0 20 40 0 50 100 150 200

View Angle Fiight Direction (km)

. A-train meeting
Glory Mission October 2010 %



Clouds

* |ce clouds
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Clouds

* |ce clouds

* Thin cirrus 5 Optical depth (0.1) & size distribution in
agreement with lidar & in situ data
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Clouds

* |ce clouds
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« Limited data set for evaluation of phase matrix models, especially for thin cirrus.

« Example here is for fit of fractal model to thing cirrus observations during
Crystal-Face

« Initial Glory ice cloud evaluations will focus on whether other models such as
IHM (Labonnote et al.) and the new MODIS Collection 6 ice models from Bryan
Baum and Ping Yang that have rough ice and small droxtals provide a better
match to the observed polarization.
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Surface BRDF

» Surface BRDF

» Kernel model (Ross-thick, Li-thin as in MODIS) used to model surface
reflectance

» Scaled vegetated surface model is baseline for polarized lower
boundary condition.

* Products:

» Kernel weights and scale factor for polarized surface reflectance model
for each APS window spectral band

» Weights for broad band DHR model (integral of kernel models)
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Surface BRDF

« Surface BRDF
 Limited existing validation of broadband surface albedo shows good
agreement with surface observations
 In some cases the standard models for surface polarized reflectance

(Bréon, Deschamps, Vanderbilt) are not adequate

* If residuals at 2250 nm are large for thin aerosols other phase functions such as the
one shown on the right will be substituted for an isotropic Fresnel model.
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@ Glory Products- Summary

* Cloud Mask

« Use MODIS and CALIPSO masks

» Generate cloud camera and APS cloud masks
* Water Vapor

 Total column water vapor

* In cloud/below cloud top estimate when cloud present
» Aerosols

« Optical depth, effective radius and variance and complex spectral index for
two modes with retrieval uncertainties

 Retrievals performed for partially cloud filled pixels for accumulation mode
using only polarized reflectances

* Retrievals performed or aerosols above clouds when cloud top pressure
estimate disagrees with CALIPSO cloud top
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@ Glory Products- Summary

* Clouds
« Water clouds
 Cloud top pressure, effective radius and variance
 Cloud optical depth and bulk effective radius (absorbing method)
* Ice clouds
 Cloud top pressure, aspect ratio, roughness
 Cloud optical depth and bulk effective radius (absorbing method)
« Surface BRDF

« Ambrals kernel model — same as MODIS land surface product together with
broad band model

» Polarized BRDF scale factor for soil/vegetated surface model

* New polarized surface BRDF model if required

» Will only be introduced if residuals for low aerosol loads are high
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Glory Tools and Documents

* http://glory.giss.nasa.gov/aps/docs/

e IS
« ATBDs, spectral responses
« Will be
« Sample HDF-EOS files and user guides
« http://glory.giss.nasa.gov/aps/tools/
* Will be
 Vector radiative transfer code
Correlated k-distributions for the APS bands
Ice cloud model

Dust model

Tables of polarized radiative transfer results

Retrieval algorithms
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Glory Tools

* Vector radiative transfer code

 This is a vector doubling/adding code based on Hansen and Travis (1974)
but including the speed and accuracy improvements identified in de Haan et
al (1987)

» To calculate radiative perturbations need

I'=1- f G(0,7)AL(7)G(7,0)Sd 7+ O(A).

0

« Internal fields of doubling adding codes provide the required Green’s functions for the
multiple viewing angles needed for observation such as those from MISR, POLDER and
APS.

* Internal fields at 2N-1 internal points can be obtained for any homogeneous layer making
up a vertically inhomogeneous atmosphere just by saving the last N adding results for that
layer.

» Perturbations to number concentrations do not require any internal resolutions of a layer.

 Calculating internal fields for an internal source (as required for the calculation of
perturbations for aircraft observations) is straightforward.
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Glory Science Home .
Glory is a remote-sensing Earth-orbiting observatory designed to achieve two NASA Video
APS Science separate mission objectives. One is to collect data on the chemical, microphysical
and optical properties, and spatial and temporal distributions of aerosols. The other is Related muttimedia on the NASA portal.
TIM Science s s R .
to continue collection of total solar irradiance data for the long-term climate record.
Related Websites - B |
The Glory mission's scientific objectives are met by gl
implementing two separate science instruments, one il
GISS Home : c R
with the ability to collect polarimetric measurements
Research along the satellite ground track within the solar : %
reflective spectral region (0.4 to 2.4 micrometers) and The Curse ofthe  The Road to Glory
Data & Images one with the ability to monitor changes in sunlight : Black Carbon Posted 2008-11-04
inci ' ing hi e 2 Posted 2010-09-28
Publications incident on _the Eanp; atmosphere by collecting high ) - S
accuracy, high precision measurements of total solar
Software irradiance. Glory accomplishes these objectives by 23 ) Y .f
deploying two instruments aboard a low earth orbit v .4 ¢
Education sateliite, the Aerosol Polarimetry Sensor (APS) and = - S
E t the Total Irradiance Monitor (TIM). Additionally, a cloud camera system will provide ¢ =14 4
images that allow the APS scans along the spacecraft ground track to be put into
About GISS spatial context and to facilitate determination of cloud occurrence within the APS The Particle Puzzie Hello, Crud

instantaneous field of view. Posted 2009-11-04 Posted 2009-11-04

GISS Intranet
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Mission Details
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Newsroom
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Gallery

Education & Outreach
Meet the Team

Project Resources

Follow Glory
f - Facebook

t - Twitter

Did you Know?

The Mt. Pinatubo volcano
eruption released into the
atmosphere as many tons of
aerosols as man-kind
releases in four months.
Glory will be NASA's first

garth’s Aerosols and Solar Irradiance

X

Why NASA Keeps a Close Eye on the Sun'’s Irradiance

05.25.10 - For more than two centuries, scientists have wondered how much
heat and light the sun expels, and whether this energy varies enough to
change Earth's climate. In the absence of a good method for measuring the
sun's output, the scientific conversation was often heavy with speculation.

NASA launched the first in a series of satellite instruments called radiometers,
which measure the amount of sunlight striking the top of Earth’s atmosphere,
or total solar irradiance. Radiometers have provided unparalleled details about
how the sun's irradiance has varied in the decades since. Such measurements
have helped validate and expand upon Eddy’s findings. And they've led to a
number of other discoveries - and questions - about the sun.

Without radiometers, scientists would probably still wonder how much energy
the sun emits and whether it varies with the sunspot cycle. They wouldn't know
of the competition between dark sunspots and bright spots called faculae that
drives irradiance variations.
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Glory will Increase Our
Understanding of the Earth's
Energy Balance

The Earth's energy balance and the effect on
climate requires measuring black carbon soot
and other aerosols, and the total solar
irradiance > More on the Glory Mission

Mission Status

Launch Date : Nov. 22, 2010 2:30 a.m. PST.
Mission Phase : Phase D: Design and
Development

Multimedia
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